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Abstract: A free-falling inverted pendulum impacting against a bed of powder 
determines material properties of the powder for use in a 3D printing system. 
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This disclosure relates to the field of additive manufacturing. 
 
A technique is disclosed that characterizes the behavior of the powder used in a 3D 
printer or additive manufacturing system. 
 
Some 3D printer or additive manufacturing system use a powder as the raw material from 
which 3D parts are fabricated.  Material properties of the powder, and the response to 
heat application by the powder, affect the suitability of a particular powder for fabricating 
3D parts and determine the optimal parameters for using the powder to fabricate parts 
having high quality 
 
According to the present disclosure, and as understood with reference to the Figure, the 
impact of a free-falling inverted pendulum against a powder is used to characterize the 
behavior of the powder.  This enables the qualification of powder materials by providing 
measurable quantities that relate to the degree of aggregation between powder particles, 
and allows printing algorithms to be tuned based on the characteristics of the powder.  In 
one example, this is done by providing feedback on the state of the powder at locations 
outside the printed parts. Excessive temperature in these outer regions can cause powder 
aggregation, which complicates evacuation of powder after printing. Excessive 
temperature also bonds powder into amorphous shapes which attach to printed parts. 
These amorphous shapes compromise printed part quality, and must be removed by a 
subsequent abrasion operation.  Knowledge of powder behavior gathered from the print 
job can be used to tune the 3D print algorithms to form part boundaries free of such 
potatoes, and with minimized powder aggregation remote from the parts. 
 
A ball 10 is disposed at one end of a pendulum arm 20, and a hinge 30 at the other end. 
The inverted pendulum is raised and released by, for example, a motor driving a cam or a 
partially toothed gear (not shown) attached to the pendulum arm 20. An accelerometer 40 
affixed to the ball 10 measures acceleration during impact of the arm 20 with powder 50 
in a bed 60. 
 
Impact pulse features reveal dynamic material behavior differences, which may be related 
to raw powder material properties or heat application to a powder during a 3D print job. 
The pulse features that differentiate powder behavior are the peak and width of the 
acceleration pulse.  These pulse features are related to the maximum shear stress a 
powder may sustain before flow displacement initiates. Acceleration pulses are observed 
to be shorter and broader for baked powder than for raw powder. This behavior is 
explained by increased separation of powder particles due to thermal expansion, which in 
turn allows flow displacement to occur at a lower shear stress. 
 
The disclosed technique may be used in a laboratory setting, and/or may be integrated 
into a 3D printer. In a lab setting, the inverted pendulum could be manually raised and 
released. Integrated into a 3D printer, the inverted pendulum may be mounted to the 
powder spreader carriage and/or agent carriage, which reciprocate across the print job. 
The print job can be paused to allow measurement of powder behavior at prescribed 
positions and heights by raising and releasing the inverted pendulum.  The results of 
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these measurements can then be used by the 3D printer to tune it operational parameters 
so as to fabricate high quality parts. 
 
The disclosed technique advantageously enables measurement of material behavior 
differences related to application of heat to powders, which has not previously been 
possible. The advantages may be realized in both a laboratory setting, to qualify powder 
materials, and within a 3D printer, to provide feedback and optimization during a print 
job. 
 
Disclosed by Charles Hugh Oppenheimer, HP Inc. 
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